
LMDS TRANSCEIVER
SYSTEMS PARAMETERJOPERATION

WITH RULES PARAMETERS

PARAMETER
Transmit Power (dBW)
RF Bandwidth (MHz)
Antenna Gain
EIRP (dBWIHz)
EIRP (dBWIMHz)
Maximum Range (Km)
Tower Height (Meters)
Hub Spacing in HPBW (Km)

out ofHPBW (Km)
Max EI angle, 50% blk (deg)
Aggregate CII (dB)
Satellite System Margin*(dB)

TI
-10.0

2.5
34.0

-40.0
20.0
5.0

30.0
17.0
68.0
50

23.3
2.4

HP
-15.0

1.0
35.0

-40.0
20.0

2.0
15.0
17.0
68.0

5.0
23.9

3.0

EGH
-5.2
24.0
39.0

-40.0
20.0

2.2
20.0
17.0
68.0

5.0
22.7

1.8

CV
-11.0

1.0
31.0

-40.0
20.0

5.0
30.0
17.0
68.0

5.0
21.8

0.9

* Satellite System Margin in excess of 20.9 dB required.

** Includes 10 dJ3 for rain



MAXIMUM EIRP
AND

POWER CONTROL

• TIIE STATISTICAL ANALYSIS PROGRAM WAS CONDUCTED WITH THE RULES PARAMETERS MUCH
INCLUDED A 20 dBW/MHz MAXIMUM EIRP AND POWER CONTROL ACCORDING TO THE FOLLOWING
FORMULA

P(dBWIMRZ) = 20 + 20 LOG dID

WHERE d == DISTANCE TO THE HUD
D = MAXIMUM DISTANCE TO THE I-illB

• CII RATIOS OF 21.8 TO 23.3 dB WERE OBTAINED WITH A 20 dBW/MHz ErRP AND POWER CONTROL

• STATISTICAL ANALYSI,S WAS CONDUCTED FOR EIRP LEVELS OF 20 dDWlMHz, 17 dBW/MHz, AND 1'1
dBWIMHz.

-ACCEPTABLE C/I RATIOS OF 20.4,72.9 AND 25.8 DB WERE OBTAINED FOR THESE ErRP LEVELS

• IF POWER CONTROL IS NOT IMPLEMENTED TIffiN LIMlT THE MAXIMUM TRANSPONDER EIRP TO 14
dBWIMHZ.



•

•

•

•

•

•
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\

TRANSCEl VER DENSITY LIMITATIONS

THE MOST DENSE AREA OF THE US. (NEW HAMPSHIRE TO GEORGIA) WAS USED TO ENCOMPASS
THE SATELLITE FOOTPRINT

-RESULTING IN 25 MILLION HOUSEHOLDS.

WITII 80 PERCENT OF THE LOCATIONS SUITABLE FOR LMDS, (LINE OF SIGHT), A TOTAL OF 20
MILLION HOUSEHOLDS ARE SUITABLE FOR LMDS SERVICE.

MAXIMUM RETURN LTNK UTILIZATION FOR DENSITY PURPOSES IS MODELED WITH TELEPHONE
CIRCUITS TIlAT HAVE A MAXIMUM TAKE RATE OF 25 PERCENT AND 4: 1 MINIMUM CONCENTRATION,

-RESULTING IN 1.25 MILLION ACTIVE DSO CIRCUITS.

FOR 1.25 MILLION CmCUITS IN 150 MHZ BANDWIDTH, THE HUMDER OF CIRCUITS PER MHZ IS 8,333

USING 64 KBPS AND A CIRCUIT EFFICIENCY OF 0.6, WHICH INCLUDES SIGNALING AND CONTROL,
-RESULTS IN 890 TRANSMlTfERS PER MHZ.

INDIVIDUAL SYSTEM ANALYSIS YIELDED ACCEPTABLE CII RATIOS WITH 14.5 TO 20 DB MARGINS

TRANSCEIVER DENSITY LIMITATIONS RULES ARE NOT REQUIRED SINCE SUITABLE CII RATIO MARGINS
ARE ACHIEVED USING THE MOST DENSE AREA OF THE US. TO ENCOMPASS THE SATELLITE FOOTPRINT



ANTENNA ORIENTATION

TIlE STATISTICAL PROGRAM WAS MODIFIED TO ALLOW EVERY Nth TRANSPONDER ANTENNA
TO HAVE A RANDOM ELEVATTON ANGLE FROM 0 TO 90 DEGREES.

• TIIE STATISTICAL PROGRAM 'vVAS RUN WITH N = 5. 10 AND 100 WITH THE RULES PARAMETERS WITH
20 DBWIMHZ POWER RESULTED IN TIlE FOLLOWING SATELLITE Clls RESULTING.

N
5

10
100

% DISTRIBUTION
20
10

I

ell
21.6
21.8
23.2

• RESULTS SHOW THAT ACCEPTABLE CII RATIOS AitE OBTAINED WITH 20 PERCENT OF THE POPULATION
HAVING MISALIGNED ANTENNAS.

• CONCLUSIONS ARE TEAT INTERLOCKS ARE NOT I<.EQUIRED TO PREVENT UNACCEPTABLE SATELLITE
CII RATIOS.
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Table R·A·6 (Rev 1)

SV-Galeway LInks

rtem Downlink Uplink
Rain Clear Rain Clear

Range km 2326.0 2326.0 2326.0 2326.0

Transmllter

Power deW 0.0 -9.7 13.0 -t ':.3

Antenna Gain dB 26.9 26.9 56.3 50.3
Circurt Loss dB ·3.2 ·3.2 -1.0 4 ~.a

POinting Loss dB ·0.5 -0.5 -0.3 -0.3

EIRP dBWi 23.2 13.5 58.0 43.2 "

System

Margin dB 3.2 3.2 2.1 2.1

Soace Loss dB -185.3 -185.8 -189.1 -189.1

Propagation Loss dB -14.2 -1.5 -30.0 -1.5

Polarization Loss dB -0.2 -0.2 -0.2 -0.2
-0(21 Prop. Loss de -203.4 -190.7 -221.4 -192.9

Receiver

=:~. Sig. S((erw;tl'1 c8'Ni . !30 2 4 i 77.2 -153A -149.7
'::8lnni"og L.:lSS as ..).2 -0.2 -0.8 -0_8

Amenna Gain dB 53.2 53.2 30.1 30.1
~eceived Signal dBW -127.2 -124.2 - i 24.1 -120.4

'S K 73 1.~ 731.4 1295.4 i 295.4

Noise Density deW/Hz -200.0 -200.0 "97.5 -197.5

;'Jotse 8ancwicrth deHz 54.9 54.9 64.9 64.9
Noise deW -135.1 -135.1 -132.6 -132.6

L:nk Eo/No dB - ~ 10.9 3.5 .? ?
I . J

1 _._

EolIo dB 25.0 25.0 16.0 16.0
Computed EbI(Nb .. 10) dB 7.8 10.7 78 10.7
Required EbI(No .. 10) dB 7 7 7 7 7 7 7 7
Excess Margin dB 0.1 3.0 0.1 3.0

SPFO alGW deWI m2, 1mhz -1343 -1313
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ATTACHMENT E

An lXamlMtlon of IRIDIUM Orilits aM ca.eeway .I"atlon A"lIe
Impact Oft System AvallalMlley In the Pr•••n.. of LMDS SullsorilMr Transmitt.rs

November 17, 1995

Thi. brief PIt'*' sumnw1zes the .vetion anglel expected at the IRIDIUM gateway from
the .rth station to the IRIDIUM eatetllte. This MvItion anote is of interest in determining
the potential for LMDS subecrtber transmitter interference into the IRIDIUM....upHnk
receiver. The law of sines for sph.rical triangles is the fundamental analytical bIsis
applied herein.

Assumptions:

• Gateway site is at mid-CONUS IIItitude (40 degr:lUlS North)

• Spacing of orbit planes is 31.6 deg..... (actually on. of six plan. is at 22 degrees, so
this is worst ease)

• Inclination angle Is 90 degrees (actual inclination angle is 86.5 degrees. but dttrerenee
is trivial at a88umed latitude)

W-., these assumptions, the great-circle angular separation of orbit planes is 24.1 degrees
at ..a degrees North latitude.

Given the 24.1 degree angu.- separation bet\wen adjacent orbits, we can now examine
the worst-cas. elevation angle t.tvlMn the earth station lind the satellite.

Since the seplll"atJon between sateftites In a given «bft ~ne is about 32.7 degr... (11
satellites per orbit plane). the muimum angulw separation between • gateway and satellite
when they are co-longitude Is one half of 32.7 deg...., or 16.35 degrees. Given thl., and
the orbit altitude of 780 Ian for the satellites, the worst easa~ angle to the satellite
for co-latitud. situ8tions is 13.6 deW-.

Far g8taWay positions bet\veen orbits, the worst caM (1ovIMet) elevation angle to the
saIeIIIte occurs on a conltant-t8tltude line halfwey b8l\wen the poeitions of the two
adjacent satelrites. For this litUation at 40 degrees North latitude, the worst case elevatIon
angle to the satellite is 11.9 degrees.

Further analysis which conliclet'1 all possible poemons of the sateilit. eonlt.lllt1on reldv.
to the gateway shows the following:



Percentllge of ",.". EItIvIIIon Angle (8) to
NweIt satelte (dea.)

wcnt2~ 1ts~ <e <13.e

10 " 13.8 <e<15.8
bl8t81 ,. e> 15.8

Thie indJcatM that the .'MIIon angle to the ..".. Is n.v« below 11.9 degreH. and Is
only beloW 13.5 deg,.. two percent of the time. Moreover, the elevation angle to the
SIIteI1Jte Ia above 15.8 degr..88 percent of1M tfmt.

1m"on ImPlY- Ay.'1IIIftIty In lb. ' .....pf LMDI IrIMmIIIere:

As Motorol8 h. statId, the IRIDIUM~m Is designed for operation Of gateway feeder
links at -.vdan anglee of tIIn a.gr.. or above. Furttw, Motorola "* ind1cnlcl cancwn
IIbout LMCS trarwnlterl causing degradation of .yam avaJIlbIIIty if IrUrfnnce frem
\.MOS coneumee IRIDIUM power margiw intWtded fer compenllltlcn "rain IJ'\d range."
The avaiklbHity of the IRIDIUM feeder Ilnlas has net been dIscIoIed. HeMeVer. It Is not
nee ••IIIY to know the mIIIbIIy to consider the Impact of gMaway opntlon at minimum
eIeWtIon angles of 11.9 _ees since we know the system availability is acceptable at
.vatlon angles of 10 degrees.

At In elevation angle of ten~, the range to the .... Is 232S Icm. The minimum
rang. to the satelt. (at anIh) is 7!0 km. Thul, the poww dynamic ..... of the system
consumed by ccmpen.acn for range to the .-otta Is 20 1og(232S1768O) • 9.5 dB.

Since the totII fOIMJf dynllmlc range of the uplnk tr8nImltt« Is +12 dBW - (-22.3 dBW) •
34.3 dB (from Mob'oIa 1y8m summary table datIId BISIfM), the remaining 24.8 dB Ifter
the rwngecom~ .UtI Is subtracted it for rIin cxxnpensation at 10 degrees
-.vatlon.

For a slant p8th through r1IIn It an w..tion angle or 11.8 degr.., the length of the path
through ,.., is &I percent of the ..... of the path through I1in at 10 degTMe~.
CCNequenIy. 18 percent of.... pcMW nwgln" "....." In otherwaraa, WIth any 0.84
X 24.6 dB • 20.8 dB for needed for ,..In compenlltton, cpntJon at 11.9 deg,..
producet the same gIIt.-y Ink Mllbily • thI.ytIItm _ at 10 degrees eleYlltlon wtth
24.8 dB fer /'lin compenMIicn. Thus, 4.0 dB of the IY*n power rnargin ie ....bIe for
compenutlon of other nnk degradation effeeta. That Is, at full pcM8f', the link C/(N+I) Is 4
dB lar;.. than Motorola requns.

This dae8 nat.., account fOr the addIionII"....." margin at the higher elevation
."gIe, which wauIcI produce addIianIl"*Slln. L.IIcMr1ItIe, eII1h CUMItI.n is not considered,
wNch woukt alto produc. In addJUonaI, althOUgh small, margin _ the eIftIItfon angle
incr... fram 10 degr.- to 11.0 degrees. At.a north eIev8tJon. the freeZing-
point IIotherm In the .tmaIphere II It about .. km fo, an IIIUIMd 99.99016
:vailablllty. nu.~ level yielda. slant p.tn range through ttw..., of 19.4 km forth.
11.9 degree elevation angle-ehort WIOUgh that eMh curwtur. nled nat be conaldered.



""'lIS.:

Since the ·ewa" 4 dB of mqln It net needed to campen'" tor rain IClu or range, the
interference-to-nolH can be IS hiVh II + 0.15 dB (n oppoMd tottle ·13 dB value cited by
Motorola for ,yatem operltion It • minimum .-vIIfon .ngM of 10 dtveel). VIeWed
another MY, when the interference • 0.6 dB. higher than the jnterferenca Ca opposed to
13 dB beklw the Intllrf.~1M wtth an lIN cA ·13 dB), the combined nolle and
interferenctt would be At dB above the -1m.S dBWJHz nolle IeYeI in the .... receiver.
Then, win tnt ".."• dB of margin dMWd from apntIng at or Ibow an eIevIIion angle
of 11.9 degr••, which Is ... needed far I'1Iin or range~n, the d8s1red
operatfng point for tne Motorola ......... '- maintained.

COM'u."":
For gateMy operltlon It.mkl-CONUS latitude, lIN of +0.8 dB lQainst LMDS Interference
i. sutrlcient to produce ttw ......y link avaMabiUty tMt Matcrola statee it needa. Th.
conclusion it bliNd on coneIdendion of~ HwatIon .ngle, .,., of pobIntial
int~ from LMDS, Ind h awIIabIIty design of IRIDIUM to gM • true picture of
LMOS impect on IRIDIUM f8eder link operations.



Total power sp~ctral density is dependent only on Maximum EtRP (EIRP at the
:~l cell periphery) assuming uniform housing density
{...)

.
10
111

..
I.)..
(...)

to

Small Cell Case
Large Cell Case

Cell radius = R ----
Radius for
average powe
112 the CPEs
are inside &
1/2 the CPEs
are outside
this radius

'U
D

\J)

In

('i;)
('i;)

N

Cell radtus = r----
..........-- .'.. .. .. .

: \
I :• •.. I. .. .'I.. ._".......

Cell Area =a = (r/R)2x A
Max EIRP = P
Avg EIRP = P/2 (assuming adaptive pwr control)
PSD/Cell = h x a x P/2
Number of cells to achieve same coverage

as large cell = Ala
Total PSD = h x a x (P/2) x (Ala)

=h x (P/2) x A
where h =housing density in households/sq-km
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Cell Area = a = A
Max EIRP= P
Avg EIRP = P/2 (assuming adaptive pwr control)
PSDICell =h x A x P/2
where h = housing density in households/sq-km
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(kmIR. 8100
(kmlh. 710

8 a
elevat_ Angle. <leg Sat Angle. <leg Slant Range. km SrnlXiS. dB

0 63.~191 3302.1"1 0
I 63.4024 31•.0C35 0.30
2 83.3801 307"'110 0.&1
3 63.2133 2I7~.7104 O.lll
4 63.I~ 2173.1281 1.21
5 62.1173 2176.6101 1.51
6 62.7. 2t83.5ll8I 1.80
7 62.5785 251M.31114 2.10
8 62.3211 25C1.Ol06 2.311
9 62.0421 2427.3575 2.87

10 61.72118 z:M1.3325 2.•
II 61.3874 2274.8275 3.24
12 61.0173 2203.7275 3.51
13 60.8203 2135.11122 3.711
14 10.1ll75 2071.2571 4.05
15 58.7501 200...387 ~.31
H5 58.2710 1•.1lr217 4.57
17 51.7154 ''''.,, 4.82
18 !lI.2703 110'1.7210 5.07
19 57.7347 1710._ 5.31
20 57.1711 174.,1 5.56
21 S80M '''631~ 5.78
22 SOI55 1&62.71018 6.01

•23 55.4010 1111.0123 6~
~ 54.78U 1571.2011 U5
25 54.1"'7 15332750 8.18
28 53.484$ 1417.1141 6.87
27 52._ 14412.8354 7.07
28 52.1501 1421.7521 7,27
29 51.~ I-.3I2ll 7....
30 50.7_ 131a.4473 7.85
31 5O.0m 1331.1741 7.83
32 48." 1312._ 8.01
33 4.583ll 1-.5378 8.19
34 ~7.1122 1281 ...., 8.38
35 ~7.1Q27 lZl7._ 8.52
38 ....3451 1215.12111 •••37 46.5711 l1a.:.11 8.14
38 44.1073 1172.1004 8.ll1l
311 44.0i27ll 1151.7110 1.14
40 432411 1133..,7 SUI
~1 4 ... 1115AM6 9.43
42 41.8617 loac.l 9.5&
43 40.1481 1081.38Zl 1.70
44 4000S2 I08U131 9.13
45 31.2253 1OlD.1224 9.15... 38.4087 103UI03 10.07
47 37.5135 10121.4582 10.11... 38.7!IIl 10llLll2M 10.31
41 3UiM8 -'1. 10.42
50 35.1*2 ••8130 10.53
51 34.2S01 871.0813 10.&3
52 33.4078 -.7e. 10.73
53 311.5118 ...... 10.83
54 31.7128 13...078 10.83
55 30.1lOI -.1041 11.02
56 3ll.OIl8O 11lll.2308 11.11
57 21.1. 110.1. lUI
58 -- 101.5013 11.28
58 27.4210 .... 11.38
80 21..'3 a32:I2 11.43
81 2$.l1lI3 117.7712 11.51
62 24.83 170.1170 11.58
83 23.lIlI43 •.7148 11.85
64 23.0114 867.17ll2 11.71
85 22.2OlIlI 110.1107 '1.78
68 21." ....0801 11.14
87 2DAII7 ....., 11.10
II 11.17:14 ••111li 11.116
III '''''' IaOlMO 12.00
70 17.1108 .... 12.05
71 lU173 .'U17e 12.10
72 II.CMa I1U14O 12. IS •73 15.1573 111.1olIO 12.11
74 14.27011 107.t373 12.23
75 13.3133 1llU74O 12.27
78 12.4118 101.2548 12.30
17 11.•7 711Z747 12.33
78 10.7158 7tI.5305 12.38
71 1.1252 7III.lll. 12.311
80 U3311 710.73lilS 12.42
81 8.0421 .,.11116 12.44
82 7.1488 711.10&50 12....
83 1.2570 7a23I25 12.48
84 5.3I3ll 713.1381 12.4ll
85 4.4104 7I2.l13O 12.50
88 3.1787 711.7027 12.52
87 2.1127 710.11571 12.52
88 1.7185 710.4252 12.53
Illl O.lll43 710.1083 12.53
90 0.0ll0ll 710.0000 12.53



ATTACHMENT I

Effects of 5% Interference Allocation

The noise temperature for Iridium satellite receiver is stated to be 1295 degrees K. The interferenc::e
criteria is 5% for single service or 10% for all services (WG2I6). The requiRd EbI(No+Io) is 7.7 dB.
These values together with the information data rate were used to calculate the receiver sensitivity.

Allowable interference based on 5 and 10010 noise temperature contribution.
Pm'PCW llDilI No IJl!C!fmpg; 5% Interference
Noise Temperature degrees K 1295 1295
Interference (10) degrees K 0 65 (-210 dBW)
Total No+lo degrees K 1295 1360
10LOG(KT) dB -197.5 -197.3
Required EbI(No + 10) dB 7.7 7.7
Receiver Sensitivity (Eb) dBWIHz -189.8 -189.6

10% Interferen<iC
1295

129 (-207.5 dBW)
1424
-197.1

7.7
-189.4

The sipal degradation due to 5% added system temperature is 0.2 dB. Figure 1 iDdi<:ates bow inc:reased
signal power compensates for increased interfereDce. The bit error rate requirement for EbI(No+lo)= 7.7
dB is held constant
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Figure 1 Required Sip Level VS interfereDce for EbI(No+lo)=7.7 dB

Summary:
• An iJUrIereace of -210 .WIHz (5% ofTa) raults in. 0.2 dB power chanIe.
• An iJUrIereace of-207 .WIHz (10% ofTs) rau1ts in 0.4 dB power chaD&e.
• An interfereDce of -200 dBWIHz (10 dB iDcreaIe in interfereDce) reIU1ts in 1.7 dB power cbange.

ConclusioDS:
• Only 1.7 dB power increase retums satellite to design criteria for interfereDce 1cYe1s ofup to -200

dBWIHz

• The 30 dB interference problem propoeed by Motorola 2 NOYeJDber 1995 does DOt exist



ATTACHMENT J

Effect of Satellite Power Control at Minimum Range (Overhead)

Aggregrate sidelobe power from LMDS CPE transmissions is small when the satellite is at short range
because the satellite footprint size is smaller at higher satellite elevations. At minimum range, the
footprint is 7S km x 7S km for an area of S62S sq-km. Compared to the maximum footprint area of
800,000 sq-km. this represents an area reduction of 0.007 which reduces the number of subscribers
accordingly. The equivalent CPE sidelobe energy is reduced -21.S dB. Satellite power would be reduced
from maximum range of 2747 Ian to 780 Ian. or -10.9 dB. Therefore, return link sidelobe energy is
reduced more than the satellite uplink power is reduced by power control.

Main beam coupling would oa:ur ifCPE antenna is mispointed and temporarily aligns with the satellite
main beam. At minimum tlUlIC. the satellite uplink is at minimum power. Table A shows the satellite
link with a 3 dB margin at minimum range. An LMDS CPE transmission main beam is compared in the
last column. The increase in NO+l0 is from -197.1 dBWIHz to -196.4 dBWIHz, or an increase of0.7 dB.
With a normal margin of3 dB, this would require 0.2 dB additional uplink power.

Table A
Elev90deg Elev90 deg

PJprpcters 1JDilI Iridium Clear LMPSCJw

Frequency 6Hz 29.2 29.2
Transmit Power dBW -26.8 -14.0
Antenna Gain dB 56.3 34
Losses dB -1.3
ElRP dBWi 28.2 20.0

Range Km 780 780
Space Loss dB -179.5 -179.S
Propagation Loss dB .0.2 .0.2
Polarization Loss dB .0.2 -3
TOTAL LOSS dB -179.9 -182.7

Rtccive Sig Strength dBW -151.7 -162.7
Pointing Loss dB .0.8 .0.8
AnteDDa Gain dB 31.1 31.1
RECEIVED SIG POWER. dBW -121.4 -132.4

Received Eb (3.12S Mbps) dBWlbit -186.3
Received 10 (2.S MHz) dBWIHz -196.4

Tn degK 1295 1295
10(depes) degK 129 1649
No + 10 (Power Deasity) dBWIHz -197.1 -193.9
Match BW (3.125 MbpI) dB 64.9 64.9
No+Io IN SV MATCHED BW dBWIHz -132.1 -129.0

Link EbI(No+lo) dB 10.7 7.5
Required EbI(No+lo) dB 7.7 7.7
SVMargin dB 3.0 .0.2


